The clinical diagnosis of the presence and severity of tricuspid insufficiency is difficult and is complicated by the transient nature of this abnormality as well as its usual occurrence in subjects with other valve disease. This paper presents correlative hemodynamic data from 100 consecutive catheterized patients with valvular heart disease in 90 of whom the presence of tricuspid insufficiency was sought by the indicator-dilution technic. Tricuspid regurgitation was present in 28 of the 90 patients. Subjects were grouped into 20 controls without tricuspid insufficiency and those with mild, moderate, and severe tricuspid insufficiency. The hemodynamics of these groups were compared by the analysis of variance to determine which parameters relate most closely to tricuspid insufficiency. The results are interpreted to confirm that tricuspid insufficiency results from those factors which overdistend the right side of the heart, and by permitting blood to escape retrograde from the right ventricle serves as a safety valve preventing progressive overload of the pulmonary circulation. 
IT HAS LONG BEEN felt that the weak anatomic support structure of the tricuspid valve leads to frequent occurrence of tricuspid insufficiency in congestive heart failure.l4 In addition to trauma, congenital, and rare causes of tricuspid insufficiency, rheumatic valvular disease may involve the tricuspid leaflets causing stenosis and insufficiency, usually in the presence of more severe aortic and mitral valve abnormalities.5 With the recent advances in cardiovascular surgery the presence or absence of tricuspid valve regurgitation has become of more than academic interest both in planning the surgical approach to the heart and determining which Indicator-dilution curves procedure to undertake. Furthermore, in patients with mitral stenosis and tricuspid insufficiency, the presence of a loud systolic murmur may lead to the erroneous diagnosis of mitral insufficiency" and to misunderstanding of the nature of the clinical problem.
The following report is based on 100 consecutive cardiac catheterizations done for valvular disease in which 90 patients were studied for tricuspid insufficiency by the indicator-dilution technic.
Materials and Methods For this study, records were chosen from 100 consecutive cardiac catheterizations on patients with suspected aortic or mitral valve disease. In each case, right heart, as well as retrograde and transseptal left heart, catheterization was done. Patients with congenital heart disease in which no tricuspid valve disease was suspected were not included.
To detect tricuspid insufficiency, a catheter was placed with its tip in the right ventricle just downstream from the tricuspid valve. A transseptal catheter was withdrawn from the right ventricle until it lay in the right atrium just upstream from the tricuspid valve ( fig. 1) fig. 2) .
Of the 100 consecutive cases, indicator-dilution curves were obtained across the tricuspid valve in 90 patients. In the other 10 patients, dye curves were not done for a variety of reasons which with severe tricuspid insufficiency. All curves, for convenience, are recorded at 5 mm/sec paper speed but these lines have been removed for greater clarity in the tracings. They are of no importance to diagnosis since the appearance of dye in the right atrium prior to its appearance in the femoral artery in these subjects establishes tricuspid insufficiency. *The control subjects are those without tricuspid insufficiency whereas mild, moderate, and severe refer to the quantity of tricuspid insufficiency as judged by dye curves. Abbreviations: RAV = height of the right atrial V wave; RAM = right atrial mean pressure; RV, S/ED = right ventricle pressure, systolic/end-diastolic pressure; PAM = pulmonary artery mean pressure; LAM = left atrial mean pressure; CI = cardiac index; T PuR = total pulmonary resistance; and PAR = pulmonary arteriolar resistance. All pressures are expressed in mm Hg and resistances are expressed in c g s units.
were divided into groups of mild, moderate, and severe by inspection of the indicator-dilution curves as illustrated in figure 1 .
Analysis of variance for a complete design was used to compare statistically the data for patients with and without tricuspid insufficiency and for comparison within the group of patients with tricuspid insufficiency. The data were analyzed for the parameters listed in table 2. Pulmonary arteriolar resistance was calculated using mean pulmonary artery and left atrial pressures which were not recorded simultaneously. This gave a value of zero or less when the left atrial mean pressure was greater than the pulmonary artery pressure. Such data were recognized as impossible and due to error attributable to the nonsteady state from which the data were collected. This was corrected for in the statistical analysis by using the log (x + 1) format8 for analyzing the total pulmonary resistance and pulmonary arteriolar resistance.
Results
Of the 90 patients who had a successful indicator-dilution study of the tricuspid valve, 28 were judged by the morphology of the dye curves to have tricuspid insufficiency and 20 who had normal dye curves in this respect were taken as controls. By a comparison of the magnitude of the deflection of the dye curve obtained from the right atrium and that obtained from the systemic artery, 11 were classified as having mild tricuspid insufficiency, while 10 were moderate, and seven were severe (table 1). As a general rule, the more severe the heart disease as judged clinically and hemodynamically the more severe the tricuspid regurgitation.
Circulation, Volume XLV, April 1972 More detailed analysis of those patients with tricuspid insufficiency revealed that only three had normal pulmonary artery pressure, and of these one had severe pulmonic valvular insufficiency, one had organic tricuspid valvular disease with stenosis, and one had severe aortic insufficiency. All 28 patients with tricuspid insufficiency had elevated right ventricular end-diastolic pressure. Ten had atrial fibrillation, and of these five had evidence of organic tricuspid valvular disease with a right atrioventricular diastolic gradient. Atrial fibrillation did not invariably produce tricuspid insufficiency since this arrhythmia was present in four of the 20 control patients. There were no instances of isolated tricuspid insufficiency, but one patient had heart failure due to coronary artery disease rather than valvular or congenital heart disease. Of the 28 patients with tricuspid insufficiency, five had tricuspid stenosis, 14 had mitral stenosis, 24 had mitral insufficiency, 10 had aortic stenosis, and 19 had aortic insufficiency. Two patients had congenital heart disease.
In (table 1) .
Discussion
Tricuspid insufficiency has been recognized clinically since 1836 when Benson9 described the jugular venous wave abnormalities in a case proven at autopsy. In the following year King10 stated that "on occasion of most copious influx (the right ventricle) becomes dilated: upon which the curtains of the tricuspid valve are drawn aside, an aperture of reflux is produced, and the force of the ventricle is diverted from the pulmonary circulation." The clinical observation4 5,11 that patients with pulmonary hypertension had less orthopnea and paroxysmal nocturnal dyspnea once they developed tricuspid insufficiency would seem to support King's concept. The present data also tend to support this concept showing a higher pulmonary artery pressure and a decreased cardiac index in those groups where tricuspid insufficiency was more severe while left atrial mean pressure did not rise significantly. This is consistent with the hypothesis that rising pulmonary arteriolar resistance by producing pulmonary hypertension, right atrioventricular distention, and tricuspid insufficiency, diminishes forward flow and progressive overloading of the left atrium and pulmonary capillary bed.
Duroziez is credited with the description of the physical findings of tricuspid insufficiency in congestive heart failure. Included were a xiphoid systolic murmur, enlarged right atrium, distended neck veins with systolic pulsation, hepatic enlargement and pulsation, and peripheral cyanosis.12 In spite of the general agreement about these signs the clinical diagnosis is frequently difficult. The characteristic murmur with its inspiratory accentuation may be missed easily in the presence of other systolic murmurs5 or in mild tricuspid insufficiency. Jugular venous V waves are not always present, may be obscured by distended neck veins, or confused with the CV waves in atrial fibrillation. The hepatic pulsation is readily detected only with severe tricuspid insufficiency and may be confused with a transmitted pulse from the aorta or right ventricle." Furthermore, the presence and severity of tricuspid insufficiency are remarkably labile, being greatly influenced by exercise, deep breathing, emotions, and the degree of cardiac compensation." 11 For these reasons objective confirmation of the diagnosis has long been sought.
In 1908 MacKenzie,'3 using jugular phlebograms, presented what he considered to be stages of severity of tricuspid regurgitation. In Circulation, Volume XLV, April 1972 more recent years, investigators studying the right atrial pressure curves have inferred the relatively common occurrence of tricuspid regurgitation in severe congestive heart failure and with rheumatic disease of the valve.", 4, 5, 11, 14 It is generally agreed that the initial change in right atrial curves is a decrease in the depth of the X descent which eventually almost disappears as the V wave becomes larger, leading to "ventricularization" of the curve with severe tricuspid insufficiency. It has frequently been felt that pressurecurve analysis misses some mild cases of tricuspid insufficiency,4' and one study of right atrial pressure recordings taken at the time of surgery on six patients with moderateto-severe insufficiency, as judged by the surgeon, produced normal pressure curves. 15 The large CV waves seen in the right atrium in atrial fibrillation have led to some confusion as to whether all patients with atrial fibrillation have tricuspid regurgitation,5 or whether it occurs only in the presence of atrial fibrillation plus some myocardial insufficiency." 11 The data presented here would support the latter opinion and support the reservations concerning diagnosis of tricuspid insufficiency from pressure curves alone although there was a significant relation between the V wave and the severity of tricuspid insufficiency.
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